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(54) Magnetic bearing type vacuum pump 

(57) To provide a magnetic bearing type vacuum 
pump, which can suppress the generation of eddy cur- 
rent on a shaft to be small in heat generation on the shaft 
and to be excellent in efficiency. In a shaft, an electro- 
magnet target composing a target for electromagnets 
composing a radial magnetic bearing portion, a radial 



sensor target composing a target for a coil detecting a 
displacement of the shaft in the vicinity of the magnetic 
bearing portion and a collar between the electromagnet 
target and the radial sensor target are composed of lam- 
inated steel plates, so that the generation of eddy cur- 
rent caused on the shaft due to magnetic field generated 
in the magnetic bearing portion is reduced. 
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Description 

[0001] The present invention relates to a magnetic 
bearing type vacuum pump, for instance, to a turbo mo- 
lecular pump used in exhaust for a semiconductor man- 
ufacturing apparatus. 

[0002] With the recent abrupt innovation of Industrial 
and scientific technologies, a demand on a vacuum ap- 
paratus realizing a high vacuum environment has been 

increased. 

[0003] For this reason, various vacuum pumps have 
been developed to be adopted for respective purposes. 
Requirements for various performances to be pos- 
sessed in these vacuum pumps, such as an exhaust 
quantity per unit time, a vacuum degree to be reached, 
and suppression of vibrations, have also been made se- 
vere from year to year. 

[0004] Since a magnetic bearing type turbo molecular 
pump meets these various performance and is highly 
reliable, it is widely used in exhaust for a semiconductor 
manufacturing apparatus, in exhaust for a vacuum 
pump of a scientific and scientific technique study. 
[0005] The magnetic bearing type turbo molecular 
pump is designed to magnetically float a shaft by using 
electromagnets, and hold it in a non-contact manner. 
Therefore, a lubricating oil is not required in bearing por- 
tions, and thus there is no fear that the lubricating oil 
gets mixed in the inside of the vacuum apparatus. Fur- 
ther, it is almost completely free from problems of fric- 
tion, wearing, noise, etc., and further it can rotate the 
shaft at a high speed. 

[0006] Hereafter, a structure of the magnetic bearing 
type turbo molecular pump will be discussed briefly. 
[0007] The magnetic bearing type turbo molecular 
pump is composed of a substantially cylindrical casing, 
a stator and a rotor housed in the casing, etc. 
[0008] The stator is formed in an inner circumferential 
surface of the casing, which has a plurality of stator 
blades arranged inmultiple stages and extending toward 
a center direction of the casing. 

[0009] A shaft is rotatably held on a central axis of the 
casing. The shaft is axis-supported by magnetic bear- 
ings fixed to the stator so as to be rotatable at a high 
speed by a motor portion formed in the substantially 
central portion of the shaft. 

[001 0] A suction port is formed in one end of the cas- 
ing, and a rotor is attached to a suction port side portion 
of the shaft. 

[001 1] A plurality of radially arranged rotor blades are 
attached around the rotor in multiple stages. The stages 
of the rotor blades and the stages of the stator blades 
are alternately positioned. 

[0012] When the shaft is rotated at a high speed by 
the motor, the rotor blades are rotated with this rotation. 
When the rotor blades are rotated, by the action of the 
rotor blades and the stator blades, the turbo molecular 
pump sucks gas through the suction port, and exhausts 
the gas through an exhaust port formed in the casing. 



[0013] Fig. 4 shows a magnetic bearing portion, a 
shaft, and their peripheral portion in a conventional mag- 
netic bearing type turbo molecular pump. 
[0014] The magnetic bearing portion is composed of 

5 four electromagnets 130 disposed around a shaft 111 
with predetermined clearances therebetween. 
[0015] The electromagnets 130 are distributed at an 
angular interval of 90 degrees around the shaft 111 to 
be confronted therewith. On the other hand, a portion of 

10 the shaft confronted with the electromagnets 130 is 
formed into an electromagnet target 129. The electro- 
magnet target 129 is constructed such that ring-like 
steel plates, the surfaces of which are made insulated, 
are passed through and fixed to the shaft 111 . 

15 [0016] The electromagnets 130 attracts the electro- 
magnet target 129 by magnetic force to magnetically 
float the shaft 111 in the radial direction and to hold it in 
a non-contact manner. 

[0017] Since laminated steel plates composing the 
20 electromagnet target 1 29 are insulated one from anoth- 
er, eddy currents induced on the surface of the shaft 1 1 1 
by magnetic field generated by the electromagnets 130 
cannot flow across the plurality of laminated steel plates. 
[0018] For this reason, the loss of eddy currents, the 
25 heat generated on the shaft 111 by the eddy currents, 
and the like can be suppressed. 

[0019] A coil 128 of a radial sensor is provided In the 
vicinity of the magnetic bearing portion and spaced from 
the shaft 1 1 1 at a predetermined clearance. On the other 
30 hand, a surface of the shaft 111 confronted with the coll 
128 is formed into a radial sensor target 136 composed 
of laminated steel plates. 

[0020] The coil 128 Is a part of an oscillating circuit 
formed in a control portion installed outside the turbo 

35 molecular pump. 

[0021] When the oscillating circuit is oscillated, a high 
frequency current flows through the coil 1 28 with the os- 
cillation so that the coil 128 generates a high frequency 
magnetic field on the shaft 111 . 

40 [0022] If a distance between the coil 128 and the ra- 
dial sensor target 136 is varied, the oscillating width of 
the oscillator is varied and thus the displacement of the 
shaft 111 can be detected. 

[0023] A collar 135, made of metal, such as a stain- 
45 less steel, is formed between the radial sensor target 
136 of the shaft 111 and the electromagnet target 129 
thereof. Since the collar 135 and the electromagnets 
1 30 are located closely, the magnetic field 1 34 generat- 
ed when the electromagnets 1 30 is excited can also per- 
50 meate through the collar 135. 

[0024] However, since the collar 135 does not have 
eddy current preventing means made, for instance, by 
laminated steel plates, not only the collar 135 is heated 
by the eddy current generated by the magnetic field 1 34, 
S5 but also there is wasteful electric power consumption 
due to the loss of the eddy current. Further, if the eddy 
current is generated in the collar 135, this eddy current 
applies, onto the shaft 111 , a force in a direction braking 
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the rotation. 

[0025] Accordingly, an object of the present invention 
is to provide a magnetic bearing type vacuum pump, 
which can suppress the generation of the eddy current 
on the shaft to be small in heat generation on the shaft 5 
and to be excellent in efficiency, 

[0026] According to the present invention, in order to 
attain the above objects, there is provided a magnetic 
bearing type vacuum pump characterized by compris- 
ing: a substantially cylindrical casing formed with a suc- 
tion port and an exhaust port; a stator formed within the 
casing; a shaft axis-supported by the stator to be rotat- 
able; a rotor attached to the shaft to be rotated together 
with the shaft; a motor for driving and rotating the shaft; 
a magnetic bearing portion including a plurality of elec- 
tromagnets disposed around a predetermined portion of 
the shaft with a predetermined gap from the shaft, and 
an electromagnet target formed on a portion of the shaft 
confronted with the electromagnets; a radial sensor por- 
tion disposed in the vicinity of the magnetic bearing por- 
tion, and including a radial sensor disposed around the 
shaft with a predetermined gap therefrom, and a radial 
sensor target formed on a portion of the shaft confronted 
with the radial sensor; and a thrust bearing portion for 
holding the shaft in a thrust direction, in which laminated 
steel plates laminated through insulation are formed on 
the shaft between the electromagnet target and the ra- 
dial sensor target (first structure). 
[0027] The laminated steel plate portion in a first 
structure can include the steel plates laminated in an 
axial direction of the shaft (second structure). 
[0028] The electromagnet target and the radial sensor 
target in a first or a second structure can be formed of 
laminated steel plates, and the laminated steel plate 
portion can be integrally formed with the electromagnet 
target and the radial sensor target (third structure). 
[0029] Further, the steel plate in any one of first to third 
structures can include a silicon steel plate (fourth struc- 
ture). 

[0030] Also, the magnetic bearing pump in any one of 
first to fourth structures can be composed of a turbo mo- 
lecular pump having rotor blades on the rotor and stator 
blades on the stator, a threading groove type pump with 
threading groove formed on at least one of the rotor and 
the stator, or a magnetic bearing type vacuum pump 
having the turbo molecular pump in the suction portion 
side and the threading groove type pump in the exhaust 
port side. 

[0031 ] Embodiments of the present invention will now 
be described by way of further example only and with 
reference to the accompanying drawings, in which:- 

Fig. 1 is a sectional view showing a structure of a 
turbo molecular pump. 

Fig. 2 is a view showing a magnetic bearing portion 
and the vicinity thereof of the turbo molecular pump. 
Fig. 3 is a view showing a collar of the magnetic 
bearing portion in an enlarged manner. 
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Fig. 4 is a view showing a conventional magnetic 
bearing portion and the vicinity thereof of the turbo 
molecular pump. 

[0032] Hereinafter, a preferred embodiment of the 
present Invention will be described in detail with refer- 
ence to Figs. 1 to 3. Note that in the present embodi- 
ment, the invention will be discussed using a turbo mo- 
lecular pump as an example of a magnetic bearing type 
vacuum pump. 

[0033] Fig. 1 is a view showing a turbo molecular 
pump 1 according to the present embodiment, which is 
a sectional view in an axial direction of a shaft 11 . 
[0034] In addition, although not shown in Fig. 1, for 
example, a suction port 6 of the turbo molecular pump 

I is connected to a vacuum apparatus, such as a sem- 
iconductor manufacturing apparatus, via a conductance 
valve (a valve that varies a cross sectional area of a flow 
passage of a pipe to adjust a conductance, i.e. a flowa- 
bility, of an exhaust gas), and an exhaust port 1 9 Is con- 
nected to an auxiliary pump. 

[0035] A casing 1 6 forming an outer housing of the 
turbo molecular pump 1 has a cylindrical form, and the 
shaft 11 is installed on a center thereof. The casing 16 
forms the outer housing of the turbo molecular pump 1 
in cooperation with a base 27 to be described below. 
[0036] Magnetic bearing portions 8. 12 and 20 are 
provided at an upper portion, a lower portion and a bot- 
tom portion of the shaft 11 in the axial direction, respec- 
tively. The shaft 11 is held by the magnetic bearing por- 
tions 8 and 12 in a radial direction (in the radial direction 
of the shaft 11) in a non-contact manner, and held by 
the magnetic bearing portion 20 in a thrust direction (an 
axial direction of the shaft 11) in a non-contact manner. 
These magnetic bearing portions compose a so-called 
five-axes control type magnetic bearing, and the shaft 

II has only a degree of freedom of rotation about the 
axis. 

[0037] The magnetic bearing portion 8 is composed, 
for instance, of four electromagnets disposed at angular 
intervals of 90 degrees around the shaft 11 to be con- 
fronted therewith. 

[0038] On a portion of the shaft 1 1 , extending from the 
magnetic bearing portion 8 to a radial sensor 9. a target 
4 to be described below is formed, so that the shaft 11 
is attracted by magnetic force of the electromagnets of 
the magnetic bearing portion 8. 

[0039] The target 4 is composed of laminated steel 

plates in which a large number of steel plates, the sur- 
faces of which have insulative coatings, are laminated 
one on another in the axial direction of the shaft 1 1 . This 
construction is provided to suppress the eddy current 
generated on the surface of the shaft 1 1 due to magnetic 
field of the electromagnets of the magnetic bearing por- 
tion 12. The detail of this construction will be described 
below. 

[0040] Note that, the eddy current means a spiral cur- 
rent generated In a metal In accordance with the elec- 
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tromagnetic induction theory when a magnetic flux pen- 
etrating through the metal is moved relative to the metal. 
[0041] The radial sensor 9 is an element for detecting 
a displacement of the shaft in the radial direction, and 
is composed, for example, of a coil. 
[0042] This coil is a part of an oscillating circuit formed 
in an unillustrated control portion installed outside the 
turbo molecular pump 1 . A high frequency current flows 
through the radial sensor 9 with the oscillation of the os- 
cillating circuit so that the radial sensor 9 generates a 
high frequency magnetic field on the shaft 11. 
[0043] When a distance between the radial sensor 
and the target 4 is varied, an oscillation width of the os- 
cillator is varied, whereby the displacement of the shaft 

11 can be detected. 

[0044] Note that as the sensor for detecting the dis- 
placement of the shaft 1 1 , other types, such as capacity 
type and optical type, are available. 
[0045] When the control portion detects the displace- 
ment of the shaft 11 in the radial direction based on a 
signal from the radial sensor 9, the control portion ad- 
justs magnetic force of each electromagnet of the mag- 
netic bearing portion 8 so that the shaft 11 is returned 
to a predetermined position. 

[0046] In this manner, the control portion feed-back 
controls the magnetic bearing portions based on the sig- 
nal from the radial sensor 9. This makes it possible to 
magnetically float the shaft 11 in the radial direction by 
using the magnetic bearing portion 8 with predeter- 
mined clearances from the electromagnets, and to hold 
it in a space in a non-contact manner. 
[0047] The construction and operation of the magnet- 
ic bearing portion 12 is the same as those of the mag- 
netic bearing portion 8. 

[0048] The magnetic bearing portion 1 2 is composed, 
for example, of four electromagnets disposed at an an- 
gular interval of 90 degrees around the shaft 11 . 
[0049] A portion of the shaft 11, extending from the 
magnetic bearing portion 12 to a radial sensor 13, is 
formed into a target 3, which is composed of laminated 
steel plates, so that the shaft 1 1 is attracted by magnetic 
force of the electromagnets of the magnetic bearing por- 
tion 12. 

[0050] By the attraction force of the electromagnets 
of the magnetic bearing portion 12, the shaft 11 is held 
in the radial direction by the magnetic bearing portion 

12 in a non-contact manner. 

[0051 ] The radial sensor 1 3 detects the displacement 
of the shaft 11 in the radial direction. 
[0052] The control portion detects the displacement 
of the shaft 11 by using the radial sensor 13 to perform 
feed-back control for an excitation current to the elec- 
tromagnets, to thereby hold the shaft 11 at a predeter- 
mined position. 

[0053] This makes it possible to magnetically float the 
shaft 11 in the radial direction by using the magnetic 
bearing portion 12, and to hold it in a space in a non- 
contact manner. 
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[0054] The magnetic bearing portion 20 provided at 
the lower end of the shaft 11 is composed of a circular 
plate-like metal disk 26, electromagnets 14 and 15 and 
a thrust sensor 17. 

5 [0055] The metal disk 26 is made of material high in 
magnetic permeability, such as iron, and is fixed at its 
center to the shaft 11 perpendicularly. The electromag- 
net 1 4 is installed above the metal disk 26, and the elec- 
tromagnet 15 is installed below the metal disk 26. The 

10 electromagnet 14 upwardly attracts the metal disk 26 
through magnetic force, and the electromagnet 15 
downwardly attracts the metal disk 26. 
[0056] When the magnetic forces applied to the metal 
disk 26 by the electromagnets 14 and 15 are adjusted 

15 properly, the shaft 11 can be floated in the thrust direc- 
tion and held in a space in a non-contact manner. 
[0057] The thrust sensor 17 is composed, for exam- 
ple, of a coil similarly to the radial sensors 9 and 13, to 
detect the displacement of the shaft 11 in the thrust di- 

20 rection and feed the detection signal to the unillustrated 
control portion. 

[0058] The control portion can detect the displace- 
ment of the shaft 11 in the thrust direction upon reception 
of the signal fed from the thrust sensor 17. 

25 [0059] When the shaft 1 1 is moved upwardly or down- 
wardly to be displaced from a predetermined position in 
the thrust direction, the control portion adjusts excitation 
currents to the electromagnets 1 4 and 1 5 to correct this 
displacement and to return the shaft 11 to a predeter- 

30 mined position. 

[0060] Under this feed-back control, the control por- 
tion can magnetically float the shaft 1 1 at the predeter- 
mined position in the thrust direction to hold It. 
[0061] As described above, the shaft 1 1 is held in the 

35 radial direction by the magnetic bearing portions 8 and 
1 2, and held in the thrust direction by the magnetic bear- 
ing portion 20, thereby being rotated about the axis. 
[0062] A motor portion 1 0 is formed in a middle of the 
shaft 11 between the magnetic bearing portions 8 and 

40 12. 

[0063] In the present embodiment, a DC brush-less 
motor is employed as an example of the motor portion 
10. 

[0064] A permanent magnet is fixed around a portion 
45 of the shaft 1 1 composing the motor portion 1 0. This per- 
manent magnet is fixed, for example, such that an N 
pole and an S pole -are disposed at an angular interval 
of 180 degrees around the shaft 11. For example, six 
electromagnets are disposed at an angular interval of 
50 60 degrees around this permanent magnet with prede- 
termined clearances from the shaft 11 to be symmetric 
with respect to the axis of the shaft 1 1 and to be con- 
fronted therewith. 

[0065] On the other hand, the turbo molecular pump 
55 1 is provided with an unillustrated sensor for detecting 
a rotational frequency and a rotational angle (a phase) 
of the shaft 11, whereby the control portion can detect 
a position of the magnetic pole of the permanent magnet 
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fixed to the shaft 11. 

[0066] The control portion sequentially switches cur- 
rents to the electromagnets of the motor portion 10 in 
accordance with the detected position of the magnetic 
pole, to thereby generate the rotational magnetic field 5 
around the permanent magnet of the shaft 11 . 
[0067] The permanent magnet fixed to the shaft 1 1 fol- 
lows this rotational magnetic field, and thus shaft 11 is 
rotated. 

[0068] A rotor 24 is attached to the upper end of the io 
shaft 11 with a plurality of bolts 25. 
[0069] The turbo molecular pump 1 of the present em- 
bodiment is composed, as an example, such that a por- 
tion of the rotor 24 from a substantially middle thereof 
to a suction port 6 side, that is, the substantially upper 15 
half portion in the drawing, is composed of a molecular 
pump portion including rotor blades and stator blades 
(hereinafter referred to as the turbo molecular pump por- 
tion), and the substantially lower half portion in the draw- 
ing is composed of a molecular pump portion in the form 20 
of a threading groove type pump (hereinafter referred to 
as the threading groove pump portion). Note that the 
structure of the turbo molecular pump should not be lim- 
ited to this, and a molecular pump composed of the rotor 
blades and stator blades from the suction port 6 side to 25 
the exhaust port 1 9 side, or of the threading grooves or 
having other structure may be used. 
[0070] In the turbo molecular pump portion located in 
the suction port 6 side of the rotor 24, the rotor blades 
21 made of aluminum alloy or the like are attached in a 30 
plurality of stages to extend radially from the rotor 24 
with inclination at a predetermined angle with respect to 
a plane perpendicular to the axis of the shaft 11. The 
rotor blades 21 are fixed to the rotor 24 to be rotated at 
high speed together with the shaft 11 . 35 
[0071] In the suction port side of the casing 16, the 
stator blades 22 made of aluminum alloy or the like are 
disposed to be inclined at a predetermined angle with 
respect to the plane perpendicular to the axis of the shaft 
11 , to be directed inwardly of the casing 16 and to be 40 
arranged alternately with respect to the stages of the 
rotor blades 21 . 

[0072] Spacers 23 are ring-like members, made of 
metal, such as aluminum, iron and a stainless steel. 
[0073] Each spacer 23 is formed between the respec- 45 
tive stages formed by the stator blades 22 to hold the 
stator blades 22 at predetermined positions. 
[0074] When the rotor 24 is driven by the motor por- 
tion 1 0 to be rotated together with the shaft 1 1 , the ex- 
haust gas is sucked through the suction portion 6 by the 50 
action of the rotor blades 21 and the stator blades 22. 
[0075] The exhaust gas sucked through the suction 
port 6 is passed through gaps between the rotor blades 
21 and the stator blades 22 to be fed to the threading 
groove pump portion. 55 
[0076] The threading groove pump portion is com- 
posed of the rotor 24 and a threading groove spacer 5. 
[0077] The threading groove spacer 5 is a cylindrical 



member made of a metal such as aluminum, stainless 
steel and iron, and a plurality of spiral threading grooves 
7 in plural sets are formed at its inner circumferential 
surface. 

[0078] The spiral direction of the threading grooves 7 
is a direction in which molecular of the exhaust gas is 
carried toward the exhaust port 1 9 when the molecular 
is moved in the rotational direction of the rotor 24. 
[0079] The outer circumferential surface of the rotor 
24 is formed to be cylindrical in the threading groove 
pump portion. 

[0080] Further, the outer circumferential surface of the 
rotor 24 is protruded toward the inner circumferential 
surface of the threading groove spacer 5 so as to be 
close to the inner circumferential surface of the thread- 
ing groove spacer 5 with a predetermined clearance. 
[0081] When the rotor 24 is driven by the motor por- 
tion 1 0 to be rotated, the exhaust gas fed from the turbo 
molecular pump portion is guided by the threading 
grooves 7 to be carried toward the exhaust port 19. 
[0082] Note that although in the present embodiment 
the threading groove spacer with the threading grooves 
7 formed is disposed in the stator side and the outer cir- 
cumferential surface of the rotor 24 is formed to be cy- 
lindrical, reversely threading grooves may be formed in 
an outer circumferential surface of the rotor and a spac- 
er having a cylindrical inner circumferential surface may 
be disposed around the outer circumferential surface. 
[0083] The base 27 is a disk like member forming a 
base portion of the turbo molecular pump 1 , and is made 
of a metal such as stainless steel, aluminum and iron. 
[0084] The casing 16 is jointed to the upper end por- 
tion of the outer peripheral portion of the base 27, and 
the threading groove spacer 5 is disposed in the Inside 
thereof. At the central portion, mechanisms for holding 
the shaft 1 1 such as the magnetic bearing portions 8.12 
and 20 and the motor portion 10 are installed. 
[0085] A water-cooling tube 18 for circulating a cool- 
ing water is attached to a lower portion of the base 27 
so that heat exchange is efficiently conducted between 
the water-cooling tube 18 and the base 27. The heat 
transmitted to the base 27 can be efficiently released to 
an exterior of the turbo molecular pump 1 by the cooling 
water circulating inside the water-cooling tube 1 8, there- 
by preventing the turbo molecular pump 1 from being 
heated beyond a permissible temperature. 
[0086] The water-cooling tube 1 8 constitutes a water- 
cooling system In cooperation with an un-illustrated wa- 
ter feeding pump and an un-illustrated heat exchange 
unit. By the action of the water feeding pump, the cooing 
water within the water-cooling tube 18 is circulated in 
the water-cooling system. 

[0087] Further, the heat obtained by the heat ex- 
change with the base 27 is released by the heat ex- 
change unit to the outside of the water-cooling system, 
such as the atmosphere. 

[0088] As a result, the cooling water is cooled, and fed 
again to the turbo molecular pump 1 by the water-feed- 
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ing pump. 

[0089] Fig. 2 is a view showing the magnetic bearing 
portion 8 and its peripheral portion in detail. 
[0090] The electromagnets 30 of the magnetic bear- 
ing portion 8 and the coil 28 composing the radial sensor 
9 are disposed at predetermined clearances from the 
shaft 11. 

[0091] On a region on the shaft 11, ranging from the 
magnetic bearing portion 8 to the radial sensor 9, the 
target portion 4 composed of the laminated steel plates 
is formed. 

[0092] The target 4 is composed of an electromagnet 

target 29 confronted with the electromagnets, a radial 
sensor target 36 confronted with the coil 28 and a collar 
35 located between the electromagnet target 29 and the 
radial sensor target 36. 

[0093] Further, the electromagnet target 29. the collar 
35 and the radial sensor target 36 are integrally formed 
of the laminated steel plates. 

[0094] Each of the steel plates laminated on the target 
4 is a ring-like, steel-made thin plate, the surface of 
which an insulative coating is formed on. 
[0095] The outer diameter of the portion of the shaft 
11 where the target 4 is formed is set to be substantially 
equal to the inner diameter of the steel plates. The ring 
of the steel plates is fixed to the shaft 1 1 by shrinkage fit. 
[0096] That is, at the time of mounting the steel plates, 
the steel plates are heated to increase the inner diam- 
eter, and then mounted to the shaft, and thereafter the 
steel plates are cooled to decrease the inner diameter, 
to thereby make the shaft 11 and the steel plates inter- 
ference fit and fix the steel plates onto the shaft 11 . 
[0097] As described above, the steel plates are lami- 
nated in the axial direction of the shaft 11. The layers 
formed by these steel plates are high in interlayer resist- 
ance because of the presence of the insulative coatings 
formed on the surfaces of the steel plates. 
[0098] The electromagnets 30, when supplied with 
excitation current, generate the magnetic field 34. The 
magnetic field 34 permeates through the shaft 11 , and 
induces the eddy current on the surface of the shaft 11 
in accordance with the electromagnetic induction theo- 
ry. 

[0099] However, since the laminated steel plates 
composing the target 4 are insulated one from another 
by the insulative coatings, no eddy current flows in the 
interlayer direction. For this reason, it is possible to re- 
duce the heat generated on the shaft due to the gener- 
ation of the eddy current and the loss of electric power 
due to the eddy current loss. 

[0100] Further, in the present embodiment, since the 
collar 35 is also composed of the laminated steel plates, 
it is possible to suppress the eddy current which is con- 
ventionally generated in the collar 35 due to the mag- 
netic field of the electromagnets 30. 
[0101] Note that the magnetic field generated by the 
coil 28 is small in comparison with the magnetic field 
generated by the electromagnets 30, and therefore is 



not illustrated. 

[0102] Fig. 3 is a view showing the surface of the collar 
35 in an enlarged manner. 

[0103] The steel plates 33 are laminated with the in- 

5 sulative coatings 32 interposed therebetween. The up 
and down direction on the paper plane corresponds to 
the axial direction of the shaft 11 . 
[0104] The steel plate 33 is, for example, a silicon 
steel plate containing a silicon about 4% and having a 

10 thickness of 0.35mm. On the surface of the steel plate 
33, the insulative coating 32 is formed so that the adja- 
cent laminated steel plates 33 are insulated from each 
other. The steel plate 33 is the same kind as a silicon 
steel plate material generally used in an iron core of a 

15 transformer. 

[0105] In the collar 35, the eddy currents 31 are gen- 
erated due to the influence of the magnetic field gener- 
ated by the electromagnets 30 and the coil 28. 
[01 06] The eddy currents occur in the respective lam- 

20 inated steel plates 33 since the laminated steel plates 
33 are insulated one from another by the insulative coat- 
ings 32. Consequently, no large eddy current occurs 
over the steel plates 33. 

[01 07] Since the steel plates 33 are located close to 
25 each other, the magnetic flux penetrating through the 
adjacent steel plates becomes substantially identical to 
each other. For this reason, the eddy currents 31 gen- 
erated in the adjacent steel plates 33 are substantially 
the same In direction and magnitude. 
30 [0108] Therefore, in the adjacent region 34 between 
two adjacent steel plates 33, the portions of the eddy 
currents 31 generated along the insulative coating 32 
have, in the adjacent steel plates 33, the same current 
value and the opposite current direction with respect to 
35 the above-mentioned current, and consequently the ed- 
dy currents 31 are canceled by each other in the adja- 
cent region 34. 

[01 09] For this reason, in the collar 35 as a whole, the 
eddy currents generated in the axial direction of the 

40 shaft 11 are candied. 

[0110] In general, an eddy current generated in a met- 
al occurs to hinder a change of the magnetic flux pene- 
trating through the metal. Therefore, if the eddy current 
is generated in the shaft 11 , a force serving to brake the 

45 shaft 11 is generated. 

[01 1 1] Further, if the eddy current is generated in the 
shaft 1 1 , the heat is generated due to the electric resist- 
ance possessed by the shaft 11 . Therefore, the heat is 
generated in the shaft, and at the same time, the electric 

50 power supplied to the turbo molecular pump 1 is con- 
sumed for the generation of heat of the shaft 11 . 
[0112] Therefore, by constructing the collar 35 with 
the laminated steel plates to suppress the eddy current 
generated in the collar 35, it is possible to suppress the 

55 braking force, the generation of heat and the electric 
power loss occurring in the collar 35. 
[01 13] Further, by forming the collar 35 using the lam- 
inated steel plates, it is possible to reduce the manufac- 
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turing cost. 

[0114] Conventionally, the electromagnet target 29 
and the radial sensor 36 are formed by laminated steel 
plates, and the collar 35 is composed of a metal, such 
as stainless steel. 

[01 1 5] By way of contrast, In the present embodiment, 
the electromagnet target 29, the collar 35 and the radial 
sensor target 36 are formed integrally by the laminated 
steel plates. For this reason, the structure can be made 
simple, and the number of kinds of component can be 
decreased, whereby the manufacturing cost can be re- 
duced. 

[01 1 6] The foregoing description has been directed to 
the target 4 corresponding to the magnetic bearing por- 
tion 8 and the radial sensor 9. The structure of the target 
3 formed in the portion corresponding to the magnetic 
bearing portion 12 and the radial sensor 1 3 is the same 
as that of the target 4. That is, the target 3 is constructed 
by the laminated steel plates as the integral component, 
which corresponds to a part from the magnetic bearing 
portion 12 to the radial sensor 13. 
[01 17] Although in the present embodiment the rings 
of the steel plates are fastened to the shaft 11 by the 
shrinkage fit, the fastening method to the shaft 11 is not 
limited to this, and the laminated steel plates may be 
fixed by bolts disposed to exert the fastening force in the 
axial direction of the shaft 11 . 

[0118] The turbo molecular pump 1 constructed as 
mentioned above is operated as follows: 
[01 1 9] First of all, the magnetic bearing portions 8,12 
and 20 are driven to magnetically float the rotor shaft 1 1 . 
[0120] The displacement of the shaft 11 in the radial 
direction is detected by the radial sensors 9 and 1 3, and 
the displacement of the shaft 11 in the thrust direction 
is detected by the thrust sensor 17. The unillustrated 
control portion performs feed-back control for the exci- 
tation currents supplied to the electromagnets of the 
magnetic bearing portions 8, 12 and 20 based on the 
detected displacement of the shaft 1 1 to hold the shaft 
11 at the predetermined position. 

[01 21 ] Next, the control portion drives the motor 1 0 to 
rotate the shaft 11. the rotor 24 and the rotor blades 21 
at high speed. 

[01 22] Consequently, by the action of the rotor blades 
21 and the stator blades 22, the process gas is sucked 
through the suction port 6 into the turbo molecular pump 
portion. 

[0123] The process gas sucked into the turbo molec- 
ular pump portion is fed to the threading groove pump 
portion. 

[0124] The process gas fed to the threading groove 
pump portion is carried along the threading grooves 7 
by the rotation of the rotor 24 to be exhausted through 
the exhaust port 1 9 to the exterior of the turbo molecular 
pump 1. 

[0125] During the activation of the turbo molecular 
pump 1 . the control portion detects the displacement of 
the shaft 11 using the radial sensors 9 and 13 and the 



thrust sensor 17 to adjust the magnetic forces of the 
magnetic bearing portions 8, 12 and 20 acting on the 
shaft 11. 

[0126] At this time, the magnetic fluxes penetrating 
5 through the targets 3 and 4 are varied, but since the tar- 
gets 3 and 4 are composed of the laminated steel plates 
insulated one from another, the generation of the eddy 
currents by the magnetic bearing portions 8 and 12 are 
suppressed. Accordingly, during the activation of the tur- 
10 bo molecular pump 1 , the generated heat, the genera- 
tion of the braking force and electric power loss, etc. of 
the targets 3 and 4 including the collars, which are 
caused by the eddy currents, can be suppressed to a 
minima! level. 

15 [0127] As described above, in the turbo molecular 
pump 1 according to the present embodiment, each of 
the targets 3 and 4, including the collar, is formed by the 
integral, laminated steel plates. Therefore, it is possible 
to suppress the eddy currents caused by the magnetic 

20 field, which is generated by the magnetic bearing por- 
tions 8 and 12 and the radial sensors 9 and 13, pene- 
trating through the shaft 11 , thereby capable of reducing 
the generated heat of the shaft, the generation of brak- 
ing force and the electric power loss stemming from the 

25 eddy currents. 

[0128] Further, the manufacturing cost for the targets 
3 and 4 can be lowered in comparison with related prod- 
ucts. 

[01 29] Although in the present embodiment, the turbo 
30 molecular pump 1 is constructed as the turbo molecular 
pump including the turbo molecular pump portion and 
the threading groove pump portion, the present inven- 
tion is not limited to this. The present invention is appli- 
cable to a target in which the shaft is held by a magnetic 
35 bearing, such as a turbo molecular pump which is com- 
posed of the turbo molecular pump portion without hav- 
ing the threading groove pump portion. 
[0130] According to the present invention, it is possi- 
ble to provide a magnetic bearing type vacuum pump in 
40 which heat of a shaft due to eddy current is small and 
loss of electric power due to the eddy current is reduced. 



Claims 

45 

1 . A magnetic bearing type vacuum pump comprising: 

a cylindrical casing formed with a suction port 
and an exhaust port; 
50 a stator formed within the casing; 

a shaft axis-supported by the stator to be rotat- 
able; 

a rotor attached to the shaft to be rotated to- 
gether with the shaft; 
55 a motor for driving and rotating the shaft; 

a magnetic bearing portion Including a plurality 
of electromagnets disposed around a predeter- 
mined portion of the shaft with a predetermined 
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gap from the shaft, and an electromagnet target 
formed on a portion of the shaft confronted with 
the electromagnets; 

a radial sensor portion disposed in the vicinity 
of the magnetic bearing portion, and including 5 
a radial sensor disposed around the shaft with 
a predetermined gap therefrom, and a radial 
sensor target formed on a portion of the shaft 
confronted with the radial sensor; and 
a thrust bearing portion for holding the shaft in io 
a thrust direction, 

wherein laminated steel plates laminated 
through insulations are formed on the shaft be- 
tween the electromagnet target and the radial sen- is 
sor target. 

2. The magnetic bearing type vacuum pump accord- 
ing to claim 1 , wherein the laminated steel plate por- 
tion includes the steel plates laminated in an axial 20 
direction of the shaft. 

3. The magnetic bearing type vacuum pump accord- 
ing to claim 1 , wherein the electromagnet target and 
the radial sensor target are formed of laminated 25 
steel plates, and the laminated steel plate portion is 
integrally formed with the electromagnet target and 
the radial sensor target. 

4. The magnetic bearing type vacuum pump accord- 30 
ing to claim 1 , wherein the steel plate includes a sil- 
icon steel plate. 

5. The magnetic bearing type vacuum pump accord- 
ing to claim 1 , wherein the magnetic bearing pump 35 
is composed of a turbo molecular pump having rotor 
blades on the rotor and stator blades on the stator, 

a threading groove type pump with threading 
groove formed on at least one of the rotor and the 
stator, or a magnetic bearing type vacuum pump 40 
having the turbo molecular pump in the suction port 
side and the threading groove type pump in the ex- 
haust port side. 
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